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Lahd areqi~ 7 1000 sq:km

e

Urbanwarea, 220 Squkm
o B
Population: Zamillion

Urban dehsity approximately 100,600 / sq.km in mef(p,,areas
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Hong Kong — The Challenges

Global and Urban Temperatures continually increasing

===Global *=Hong Kong Observatory Headquarters

0.35'C/per decade

Annual mean temmp erature anomaly ( °C)
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Annual mean temperature anomalies globally and at the Hong Kong Observatory
Headquarters, (Leung, V. K., et al (2004). Ciimate Change in Hong Kong.
Technical Note No. 107, Hong Kong QObservatory, HKSAR.)
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Fast Urbanization in the Pearl River Delta

1] Land cover changes in Pearl River Delta from early 1990s to 2003,
: ‘ Red is urbanized / sealed areas. (Courtesy Professor Jimmy
Fung, HKUST)
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Predicted air temperature, winter night time (January) HK (Courtesy
Professor Janet Nicole, HKPolyU)

2 International Conference on Countermeasures to Urban Heat Islands, 21-23 Sept
2009 - Berkeley, Califormia, USA




Aug 22, 2009
Time: 11:02am

Location: Kowloon
peninsula and Hong
Kong island
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Predicted air temperature, summer daytime (January) HK {(Courtesy
Professor Janet Nicole, HKPolyU)
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Hong Kong — Studies and Policies
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The Hong Kong Urban Climatic Map

For bio-meteorology and urban human thermal comfort
esp. in the summer months
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Establish neutral PET

Step 1 — what people needs as a basis of the

Urban Climatic

The “neutral” Physiological Equivalent
Temperature (nPET)* of people in
Hong Kong under the typical
summer condition is in the range of
27°C to 29°C, representing the
thermal condition at which people are
likely to be thermally comfortable.
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" The neutral Physiological Equivalent Temperature is the PET
value that one feels neither cool nor warm when asked In the
user survey.
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The environmental conditions of nPET

Step 2 — correlate the environmental conditions of
human urban thermal comfort — air temperature,
RH, Tmrt and wind.
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Layer structure of UC-AnMap

Structure and layers of Hong Kong UC-Map

PET as the synergizing criterion
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Thermal Load and Dynamic Potentials

Physical Criterion  Effect Scientific Basis Input layers
: g Layer 1
Negaty Building bulk
i e Building Volume NMap
; : Layer 2
h 1L -
Thermal Load - Altitude and Elevation Topographical Helight Map
Posttive
Bioclimatic effects Layer
Urban Green Space NMap
. s Layer4
tr Urb | ’
Negative rban permeability Ground Coverage Nap
D i« Potential Bioclimatic effects Layer s
FRAMIC T oreaRAs B - Cool ar movement Natural Landscape Map
Positive .
Air mass exchange and Layer 6
Neighbourhood effects Proximity to Openness Map
Layer 7a
MMS simulation Prevailing wind directions
Air J
Wind Information Paths HEKO wind data (summner)
L Layer b
VRS Prevailing wind directions
(annual)
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Thermal Load and Dynamic Potentials

Thermal Load:

e PN Building Volume (Layer 1)
i O The building volume data are measured in cubic metres and
" i 8 e converted to percentages of the highest building volumes in the
:: ”»g.*\ : Territory. High building volume traps solar radiation and reduces air
Sl 7% flows. It does not just store more solar heat, but aiso reduces sky
T o w%f exposure slowing the release of solar heat at night. As a result,
S "t high building volume contributes to a significant increase in thermal

load.

Topography (Layer 2)

The topography data are measured in metres above Principal
Datum according to the Digital Elevation Model of the Planning
Department. Air temperature is lower at higher altitude due to
adiabatic cooling (cooling due to pressure changes). Thermal load
effect is less severe in areas of higher topographical height. As
Hong Kong is a hilly city, topographical condition is therefore an
important factor when assessing thermal load.

Green Space (Layer 3)

Greenery has a cooling and shading effect and can reduce the
surrounding air temperature. Therefore, the extent and distribution
of greenery are important in affecting the thermal load. Two
different classification values are assigned to urban and rural areas
with or without greenery.
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Hong ang Urban Climatic Analysis Map
© | Layer1: Building Volume Map (100m moluﬂon)
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Methodology B '
High building volume does notjust = ms‘-::\\ :
increases the loc ahzed heatstorage - o

capacity, hence increase heat load, but also !
reduce the sky view factor (SVF) slowing
the city’s cooling at night.

Layer] stores the building volume
information within each grid of 100m X100
m resolution. SVF is emplayed in this study
as a medium to conelate huilding volume
and temperature elevation, In this layer, &
classification values are currently assigneem
Qur parametric model reveals a loganthmic
relation between building volume and S"JF
which forms the basis for threshold value of
the classification. A calibration is camied out
hased on field measurem ntand SWF
simulation of the TST area

%
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Topography

Hong Kong Urban Climatic Analysis Map
Layer2: Topographical Height Map (10m resolution)

13
Hethodology ¥ : L]
Anincrease in elevation will resultin a .
reduction in terperature. American -.o

professional Golany {1996) summarized that.
for every 100m increase in elevation therewill -
beal1® Cdecreasein hemtaeramre and vise
versa. Local researcher Gridharan (2005)
concluded for Hong Kong QHI,Ihat

topography up to a height of 10m has a
marginal influence on daytime and nocturnal
UHI. Beyond 10m alttude, level differences in
topography will reduce suhstantal changes in
hoth daytime and nocmmal UHL. So ttis
reasonable to group those bpographlcal
heights less than 10m as ar area where UHl is
more significant than higher disticts. Above o
200m - 300m, which the uthan canopy layer, ¢
the wind profile will be far Iéss influenced hy

the urban structures.
In LayerZ, 4 classification Values are currently ‘
assigned, and the threshold classification

wvalue is not chosen lineatly

0o Hs SO oiomeers
N
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Greenery

Hong Kong Urban Climatic Analysis Map

Layer3: Green Space Map (10m resolution)
e -1
| 0

Hethodology
For urban erwironments, green area

can affect the surrounding air
temperature, solar exposure of
pedestrians, and the wind speed in the
streets (Givoni, 1998). Generally every
100 m2 of vegetation added to the park
can reduce an average temperature of
around 1 K (Dimoudi and

Nikolopoulou, 2003). The effects of
green areas provide mitigation to the »
undesirable Thermal (Heat) Load. ¥
2 classification values are currently
assigned, meaning “No” and “Yes” in
terms of having greenery or nat.

N
0 25 5‘, 10 Kilometers
[ . mm
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Thermal Load

Hong Kong Urban Climatic Analysis Map
Thermal Load Map (100m resolution) e
Thermal Load Map Legend 4

-4 (low)

v

By adding the specific classification
walues of the above 3 layers in each
grid, the classification values for the
composite layer of Thermal Load
are derived.
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Dynamic Potentials

Dynamic Potential:
Ground Coverage (Layer 4) Seasyracs.,
Ground coverage measures the ground roughness in terms of i

percentages of ground occupied by buildings in a locality and : -
indicates the urban permeability to wind. Larger ground coverage @ ¢
such as large podia will contribute to a reduction in pedestrian ; N
wind speed. Therefore, the extent of ground coverage is ' »«3
important in affecting the dynamic potential. '

Natural Landscape (Layer 5)

Natural landscape, particularly grassland, has low roughness,
which possesses higher dynamic potential than other landscape
types. such as, woodland and urban landscape. Thus. grassland
will contribute to dynamic potential to the city. 2 classification
values are currently assigned, “Grassland” and "Woodland and
Urban Landscape”.

Proximity to Openness (Layer 6)

This layer consists of 3 sub-layers of 3 different parameters:
proximity to waterfront, proximity to open space and slope with
vegetation. Waterfront, open areas and vegetated slopes are
sources of air ventilation, and the locations of building
developments in close proximity in relation to these features can
benefit from them. For example, sea breezes decrease as the
distances to sea shore increase. Distances in metres to waterfront,
open space or slopes are given different classification values to
estimate their dynamic potential.
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Ground cover percentage

Hong Kong Urban Climatic Analysis Map + Al s
Layer4: Ground Coverage Map (100m resolution) TV LN
Methodology <30% o R 3 G
Ventilation performance is a key B 30%-~50% o e
consideration in building design and B >50% 3 Skt Tren N
urban planning. Generally speaking, 7 ' ) U \ L
huilt-up urban structures can deflect TN pa P AN
local wind flow and block its outiets for Y \ : ' £ L A RS 3
the circulation. In Yoshie’s research i oxe g \ g & : ‘
findings of both Japan cities and also A . v ARB G Jp RN A [~ y
Mong Kok in Hong Kong (2007), there / A~ -~ : e ' ‘ _ ; e
is an evident trend in the relationship ) DR ' : ' 4 5 A
between gross building coverage ratio ol gy : g - 1g X
{in percentage) and wind velocity ratio. 2 e PR
Higher wind velocity ratio is A
experienced where there is relatively ' Y
low building coverage, which indicates N : : ;
the relations between urban at e ) o Pt
permeahility and ground coverage, and - D, 1R
vice versa. : NNZ e

A’ y -

Layerd synthetically combines the
understanding of building coverage and I8 > =
ground roughness. 3 classification ) s e :

values are currently assigned. '8 L4 L S

-

10 Kilometers 2
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Natural vegetation (roughness)

Hong Kong Urban Climatic Analysis Map o ‘* 3

Layer5: Natural Landscape Map (10m resolution) 3
0 ) ;
Hethodology r - .

Natural vegetation can create
cool air movement and hence
is important in understanding
the dynamic potential.
Differences in land roughness
resultin wind welocity variation
within the urban environment.
Natural landscape can provide
venfilation in that the greenery
area has different roughness ’
length than urban huilt up area.

>

Our analysis shows that at the 'r
level of 2m, the velocity
difference between grass land
and woodland or urban area is
approximately 1mis. 2
classification values are hence
assigned.

FEN

&

0. 128 s.“" . 10Kilometers 3 €\ :
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Proximity to waterfront

Hong Kong Urban Climatic Analysis Map
Layer 6a: Proximity to Waterfront Map (100m resolution)
L

1

0 o
Hethodology.
Sea breeze, measured through the
distance from the coast, has also

heen a major concern by other

international researcher s when {/
they create large-scale climatic -

maps (Swensson etal. 2003).

Similar to Layer 4-Ground

Coverage Map, differences in

roughness length result in different 7

&( P
wind availability. . g by ol

Layer 6a shows proximity o ¢
waterfront characteristics in Hong A
Kong. 2 classification values are

currertly assigned. Alogical 6
function is developed fo synergize
ground coverage infor mation. M\f/-

e ——— 2 /( 7
W) e e wrmJLAf
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Methodology
Urban open spaces suc!
and open area have a s

effect on the urban clithe and

positively influence the
surroundings micro-clim
{Berlin, 2004). They can
wind penetration into the
and create air path and

cooling effects upon nei
area {(Koomena, Dekken
2007).

Layer 6b shows the progimity toopen’ = {‘g, L

Proximity of open spaces

Hong Kong Urban Climatic Analysis Map : Yo <A ét;;;;y
Layer 6b: Proximity to Open Space Map (100m resolution) TS H,ﬁ"* /“"’f; : S {g
o & g EneS
AV

[
__lo

s
N as parks , -

Lbstantial -

irect

atically

let mare

urban area —
nence exert <
jhborhood

53 etal. \

- f\%wﬁ

space in urban area. A |
function is established
“Urhan open space”. Ti

ngical v ’ ¢ & J
define o . "? ; Z,
/ v
classification values are| currently }/\J{ g,/\{
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Hong Kong Urban Climatic Analysis Map
Layer6c: Slope Map (100m resolution)

Hethodology

The phenomenon of katabatic winds o g:\
is frequently found in long, narrow

and steep valleys in mountainous

areas (Fernando et. al. 2001). Local
variaions in topography may affect
greatly the wind conditions. Cooler air
movwes downhill and in general along
the valleys. The down-slope winds <

are only of local significance,
especially for the location at the
hottom of the slopes (Lazar and
Podesser, 1999).

Layer éc shows the slope map of
Hong Kong. Steeper topography

(>40%) will strengthen air circulation /’A ré

and wind movement around the
topography. Alogical function is

established to synergize greenery
infor mation. 2 classification values

are currently assigned.

Vegetated slopes

R

= L&

25 5 10 Kilometers 3/:/3 ”"j;‘_ e X
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Proximity to Openness

Hong Kong Urban Climatic Analysis Map
Layer 6: Proximity to Openness Map (100m resolution)
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Layeréa, Layeréh, Layerée
are combined to get Layer 6:

Proximity o Openness. One
thing to note is that the
Dynamic Potential values are
not calculated redundantly,
i.e.in the spirit of prudent
estimation, if one area
already has dynamic
potential according to the £
definition in layer 6a, herffhe
dynarmic potential value
defined by layer 6h and layer
6t is not added when the A
Dynamic Potential Map is =/
produced. P o 2s J
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Dynamic Potentials

AN Hong Kong Urban Climatic Analysis Map . : 2 s ; L
= Dynamic Potential Map(100m resolution) <2 R : % AN
Dynamic Potential Legend - ; &N FEE=D
0 (low)

B -1

: &, L -2
W~ o4 -3

| ]

I -5 (high)

'..,‘Qrg

A ? s
By adding the specific classification
values of the ahove 3 layers in each
grid, the classification values for the
composite layer of Dynamic Potential
are derived

0 25 J 10 Kilometers
| =————
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Thermal Load + Dynamic Potentials

: 1)
e LA

Urban Climatic Class Impact on Thermal Comfort | Urban Climatic Value / Sensitivity Zone P::;:)t:\le
1 |Moderately negative Thermal Load and Good Dynamic Potentials oo Moderate (A) Urban climatically valuable area Preserve
Slightly negative Thermal Load and Good Dynamic Potentials e Slight
Low Thermal Load and Good Dynamic Potentials - Neutral (B) Slightly urban climatically sensitive area  Preserve &
Some Thermal Load and Some Dynamic Potentials e Slight enhance
Moderate Thermal Load and Some Dynamic Potentials oo Moderate (C) Urban climatically sensitive area Action
6 |Moderately High Thermal Load and Low Dynamic Potentials eee Moderately strong desirable
7 |High Thermal Load and Low Dynamic Potentials eese Strong (D) Highly urban climatically sensitive area  |Action
8 |Very High Thermal Load and Low Dynamic Potentials eeeee \erystrong necessary

Thermal Load Map Calculation Result

» g0 Urban Climatic Analysis Map
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. Hong Kong Urban Climatic Map

Hong Kong Urban Climatic Analysis Map_Draft Version
0 g Oct 2008 (100m resoclution)
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PET (C deg)

Calibration and validation |
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' Classes t‘:’ UCMap .

The relationship hetween PET and the classes of UCAn-Map
based on the result of spotfield measurementin TST areas.
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Calibration and validation Il
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Calibration and validation lli

o | y = 0.4667x + 26.921
+ K = 0.70711

25
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Wind information - observed

ROSES OF SELECTED HKO STATIONS

- ) 2 International Conference on Countermeasures to Urban Heat Islands, 21-23 Sept
] 2009 - Berkeley, Califormia, USA

i |



.-

.:t.ﬁ f!"ii m
Loppnmpet
PErTLALLL
11 1

=

MMS / CALMET model simulation, courtesy of Professor Jimmy Fung, HKUST
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...... Wind information Layer of HK UCMap

L

’ m Il-nmm

Hong Kong Urban Climatic Analysis Map - Wind Information Layer
Summer months [Jun - Aug]
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Urban Climatic Analysis Description
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General Description on Planning Recommendations
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